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Abstract 

Chemokines are signaling peptides which regulate cell trafficking and provide control of the tissue-specific cell hom- 
ing. In the skin, chemokines are secreted both by the resident cells such as keratinocytes, melanocytes, fibroblasts, 
dendritic cells and mast cells, as well as by infiltrated cells - lymphocytes, eosinophils, and monocytes. Chemokines, 
together with cytokines, participate in induction and maintenance of inflammation in the skin and regulate the 
composition of the cellular infiltrates. Inflammation within the skin is a feature shared by atopic dermatitis and 
psoriasis, two of the most common dermatoses. Accumulation of activated mast cells in the affected skin is seen 
both in atopic dermatitis and in psoriasis. This paper presents a concise overview of the current knowledge on the 
role chemokines have in pathogenesis of atopic dermatitis, psoriasis, and mastocytosis, a disease caused directly 
by the accumulation and activation of mast cells in the skin. 
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Introduction 

Cytokines are small, hormone-like, signal peptides 
produced in cells activated by the inflammatory agents. 
Cytokines were initially named lymphokines or mo- 
nokines to emphasize their cell of origin. Today, the term 
"cytokines" is used because any nucleated cell can se- 
crete them. To date, a total of more than 100 cytokines 
have been described with different functions and differ- 
ent places of origin. In the skin, cytokines are produced 
by resident cells, such as keratinocytes, Langerhans cells 
(LC), melanocytes, mast cells (MC), macrophages, and 
by recruited cells of the inflammatory infiltrates: neu- 
trophils, eosinophils and lymphocytes. Cytokines are, 
in general, not stored in the cells, but are synthesized 
de novo following cell activation. Cytokines include lym- 
phokines, monokines, interleukins, interferons, growth 
factors and chemokines. Cytokines, unlike blood-trans- 
ported endocrine hormones, act locally within the tissue, 
on the neighboring cells (paracrine action) or on the pro- 
ducing cells themselves (autocrine action). In the case 



of a prolonged action of a strong inflammatory stimu- 
lus, cytokine production may become excessive. In such 
a case they can get into plasma and affect cells distant 
from the place of the original inflammation in an endo- 
crine manner. Cytokines act through specific membrane 
receptors found on all cells constituting the body. Cyto- 
kine receptors can also be found in the blood in a free 
form. Cytokine molecule can stimulate the cell only if it 
binds with a cell receptor. Cytokine molecule binding to 
a soluble free receptor neutralizes it. The structures of 
the cytokine receptors are often homologous, so many 
cytokines have multidirectional pleiotropic effects. Some 
of the cytokines, in addition to their pleiotropic action, 
may have a synergistic effect on the same cells, and oth- 
er may act antagonistically. The same cytokine may also 
act differently on different cells (redundancy). As a result, 
in each tissue, a complex and precisely regulated cyto- 
kine network is formed [1, 2]. 

Cytokines control all phases of the immune response: 
induction, effector phase and termination. They regulate 
both innate immunity mechanisms and specific cellular 
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and humoral immune responses by affecting cell prolif- 
eration, differentiation and activation of B and T lym- 
phocytes as well as NK cells, monocytes/macrophages, 
granulocytes and keratinocytes. Cytokines influence the 
function and migration of mature neutrophils, mast cells, 
basophils and eosinophils by activation of adhesion mol- 
ecules and activation of the synthesis of chemotactic fac- 
tors. Cytokine cross-talk is extremely complex. Different 
cytokines may have an antagonistic, additive or synergis- 
tic influence on the same biological process [1, 2]. 

Based on their in vivo activity, cytokines can be divid- 
ed into pro-inflammatory, anti-inflammatory, mitogenic 
(i.e. regulating cell growth and proliferation), hematopoi- 
etic and chemotactic (chemokines) ones. 

Inflammation, although with a different composi- 
tion of the cellular infiltrate, is a common denominator 
of three skin diseases: atopic dermatitis, psoriasis and 
cutaneous mastocytosis, which are the subject of our 
interest. 

The aim of this paper is to present a concise overview 
of the role of cytokines and chemokines in the pathogen- 
esis of the abovementioned diseases. 

Among the numerous pro-inflammatory cytokines in- 
terleukins (IL) have a particularly strong representation 
with IL-1, IL-6, IL-8, IL-12, IL-15, IL-17 and IL-18. In addi- 
tion, the following cytokines also have proinflammatory 
properties: tumor necrosis factor-a (TNF-a), interferon-y 
(IFN-y), oncostatin M (OSM), granulocyte-macrophage col- 
ony-stimulating factor (GM-CSF) and macrophage 
colony-stimulating factor (M-CSF). Proinflammatory cy- 
tokines stimulate both cellular and humoral inflamma- 
tory response - activation, adhesion and aggregation 
of neutrophils and mast cells, lymphocyte proliferation, 
antibody production in B cells, liver production of acute 
phase proteins and hypothalamic fever reaction. Inter- 
leukin-1 and TNF-a are primary inflammatory cytokines 
as they are produced during the early cellular response 
to inflammatory stimuli (e.g. bacterial lipopolysaccha- 
ride), which activate the cell towards the production of 
secondary inflammatory cytokines (IL-6, IL-8, IL-12, IL-15, 
IL-17, IL-18). Anti-inflammatory cytokines including IL-4, 
IL-10, IL-11, IL-13 and TNF-p exert their anti-inflammatory 
effect by inhibiting the production of pro-inflammatory 
mediators and by stimulation of the production of the 
soluble receptors to the cytokines. Growth and prolifer- 
ation regulators comprise another cytokine group. IL-2, 
IL-4, IL-5, IL-12, PDGF, VEGF, FGF, EGF and TGF-p stimulate 
cells of the immune system to proliferate and grow. He- 
matopoietic cytokines including GM-CSF, M-CSF, G-CSF, 
SCF, hemopoietin and IL-6 stimulate the proliferation of 
the bone marrow stem cells. Chemotactic cytokines, for 
example IL-8, RANTES (regulated on activation, normal 
T expressed and secreted) and monocyte chemotactic 
protein-1 (MCP-1), determine the chemical gradient for 
the leukocytes to follow towards the inflammation site 
[2-10]. 



Chemokines are a group of 8-11 kDa proteins, which 
may be classified into four sub-groups, according to the 
polypeptide chain cysteine location: C, CC, CXC and, CX3C 
[5]. Nomenclature of chemokines and their receptors is 
based on the numbers allocated according to the order 
in which they were discovered and described. Each num- 
ber is accompanied by letter L - for the ligand or R - for 
the receptor. Most of the known chemokines (over 50) 
belong to the CC and CXC families. Chemokines interact 
with the cells via extracellular domains of the receptor 
proteins. Some receptors bind multiple chemokines, and 
various chemokines can interact with several different 
receptors (Figure 1) [2-10]. 

Regulation of white blood cells trafficking, necessary 
for maintenance of the normal immune system function 
and for the defense against pathogens, is the primary 
function of the chemokines. However, chemokines are 
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Figure 1. Chemokine receptors and their ligand chemokines [3] 
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not solely chemoattractants for the immune system cells 
and have a wide range of effects in many different cell 
types beyond the immune system. It is already known 
that chemokines play some role in neoangiogenesis, in 
embryogenesis and in organogenesis. Excessive chemo- 
kine activation and synthesis is a hallmark of pathogen- 
esis of many autoimmune (rheumatoid arthritis, psori- 
asis), inflammatory (allergies, asthma, atherosclerosis) 
and neoplastic diseases [2-10]. 

Chemokines can be divided into constitutive (alter- 
natively called homeostatic, housekeeping or lymphoid) 
and inducible (inflammatory) ones, based on the condi- 
tions of their production. Constitutive chemokines are 
continuously produced in discrete microenvironments 
within lymphoid or non-lymphoid tissues. They are in- 
volved in maintaining physiologic traffic of lymphocytes 
and dendritic cells. Constitutive chemokines control the 
relocation and recirculation of leukocytes. They are also 
involved in the maturation, differentiation and activa- 
tion of the lymphocytes and of the dendritic cells. CCL19 
and CCL21, produced in the lymph node, are examples 
of constitutive chemokines. CCL19 and CCL21 induce the 
migration of immature dendritic cells possessing CCR7 
receptor from the skin to the lymph node [3, 11]. 

Most chemokines produced in the human body are 
inflammatory chemokines. The MCP-1 (CCL2), RANTES 
(CCL5) and eotaxin (CCL11) are representatives of this 
group. Inflammatory chemokines are produced in an in- 
ducible manner by various tissues and infiltrating leuko- 
cytes in response to bacterial toxins and following acti- 
vation by the key pro-inflammatory cytokines, such as 
IL-1, TNF and interferons. The main task of inflammatory 
chemokines is to regulate leukocyte recruitment towards 
the site of inflammation or infection in order to provide 
the host defense. Extensive literature documenting the 
expression of cytokines and chemokines in the tissues 
and body fluids, tissues collected from patients during 
surgical procedures, in the chronic or acute inflammation 
has shown that ligands for CCR1, CCR2, CCR5, and CXCR3 
are ubiquitous in chronic inflammation while in acute in- 
flammation, CXCR1 and CXCR2 binding chemokines dom- 
inate. CXCR1 and CXCR2 are receptors of the activated 
neutrophils and T lymphocytes; CCR5 are monocyte re- 
ceptors; CCR1 and CCR2 are receptors present on mono- 
cytes, eosinophils and basophils; CXCR3 are receptors of 
Thl lymphocytes [2, 3]. 

Chemokines are involved in many inflammatory skin 
diseases such as psoriasis, atopic dermatitis and masto- 
cytosis but the understanding of their exact role in the 
pathogenesis of these diseases remains incomplete. 

Cytokines and chemokines in the pathogenesis 
of psoriasis 

Psoriasis is one of the most common diseases of 
the skin. It affects 2-3% of the European population. 



The main cause underlying psoriasis remains unknown. 
The histological abnormalities in a psoriatic skin lesion 
include an excessive proliferation and impaired matura- 
tion of epidermal cells, i.e. abnormal keratinization (par- 
akeratosis), as a result of the shortening of the epidermis 
renewal time (from 28 to 3-4 days) and of the expression 
of specific keratins. Chronic dermatitis, localized or gen- 
eralized, with infiltration of the dermis and subcutaneous 
tissue by CD4+ T cells, neutrophils and macrophages, ac- 
tivation of mast cells, infiltration of cytotoxic CD8+ lym- 
phocytes into the epidermis (Munro microabscesses), 
and abnormal development of blood vessels (neoangio- 
genesis) are characteristic features of psoriasis. Ten-thir- 
ty percent of patients develop arthritis, which can lead 
to a permanent disability. CD4 lymphocytes of Thl and 
Thl7 cytokine profile together with CD8 Tel lymphocytes 
play an essential role in the pathogenesis of psoriasis. 
These cells migrate to the skin, and through their acti- 
vation and cytokine- and chemokine-mediated interac- 
tion with other cells of the skin and epidermis evoke the 
inflammation. An increased expression of the following 
pro-inflammatory cytokines (at RNA and protein level) is 
observed in the psoriatic lesions: TNF-a, IFN-y, IL-6, IL-8, 
IL-12, IL-17, IL-18 along with the decreased concentration 
of anti-inflammatory cytokines: IL-10 and IL-4. Three cy- 
tokines, namely TNF-a, IL-17 and IFN-y, seem to play the 
key role in the development of psoriatic lesions. Subcu- 
taneous IFN-y administration induces the formation of 
psoriatic lesions, lnterleukin-17 and IFN-y synergistically 
stimulate keratinocytes to synthesize IL-6, IL-7, IL-8, IL-12, 
IL-15, IL-18 and TNF-a. Based on the current knowledge, 
TNF and IFN-y are called the primary inflammatory fac- 
tors, as they induce the synthesis of secondary inflam- 
matory cytokines and chemokines [12-15]. 

It has been confirmed that in psoriasis the recruit- 
ment of leukocytes to the skin is mediated by the chemo- 
kine and chemotactic cytokine network, of which the 
most important are IL-8 (CXCL8), fractalkine (CX3CL1), 
CCL5 (RANTES), CCL2 (MCP-1), CCL20 (MIP-3a), CCL26 
(eotaxin2), CCL-27 (CTACK), and CXCL10 (Table 1). 

Nomura et ai [16] compared gene expression RNA 
profiles of the skin lesions in atopic dermatitis and pso- 
riasis using the genomic microarray techniques. A sig- 
nificantly higher expression of the following cytokines 
was reported for psoriatic changes: CCL4 (MIP-lp), CCL20 
(MIP-3a), CXCL8 (IL-8) and CXCL2 (GRO-p) CXCR2/IL-8R, 
while in atopic dermatitis CCL-13/MCP-4, CCL-18/PARC 
and CCL-27/CTACK [16] showed a higher expression. 

What is the significance of an increased chemokine 
expression in the pathogenesis of psoriasis? It is recog- 
nized that CCL4 chemokine is a chemoattractant for cells 
bearing CCR1 and CCR5 receptors, i.e. Thl cells, immature 
dendritic cells, NK cells and monocytes. CCL20 attracts 
cells with CCR6 receptor - Thl lymphocytes, dendritic 
cells and monocytes, and CXCL8 and CXCL2 are chemo- 
attractants for neutrophils expressing receptors for IL-8 
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Table 1. Chemokines which expression increases in psoriatic lesions [16, 17] 



Chemokine 


Receptor 


Role in psoriasis pathogenesis 


CCL2/MCP-1 


CCR2 


DC and LC chemotaxis to the skin 


CCL4/MIP-1P 


CCR1, CCR5 


Thl lymphocyte, DC and monocyte chemotaxis to the skin 


CCL19/MIP-3P 


CCR7 


T lymphocyte and DC chemotaxis to the lymph nodes 


CCL20/MIP-3a 


CCR6 


DC and LC chemotaxis to the skin 


CCL21/SLC 


CCR7 


T lymphocyte and DC chemotaxis to the lymph nodes 


CCL18/PARC 


Unknown 


CD4 and CD8 lymphocyte chemotaxis 


CCL27/CTACK 


CCR10 


T CLA+ lymphocyte chemotaxis 


CXCL5/ENA78 


CXCR2 


Neutrophil chemotaxis to the skin 


CXCL8/IL-8 


CXCR1, CXCR2 


As above 


CXCLl/GRO-a 


CXCR2 


As above 


CXCL9/MIG 


CXCR3 


T lymphocyte chemotaxis 


CXCL12/SDF-1 


CXCR4 


Neutrophil, monocyte, lymphocyte and DC chemotaxis 


CX3CL1 ( fractalkine) 


CXCR1 


T lymphocyte chemotaxis to the skin 



DC - dendritic cell, LC - Langerhans cell 



(CXCR1 and CXCR2). In this context, it is very interesting 
that a new genetic phenomenon was reported in pa- 
tients with psoriasis: multiplication of CCL4 gene copy 
number, which correlated with increased levels of CCL4 
in the serum [17]. 

It was also demonstrated that one of the well-known 
"psoriasis susceptibility genes", with chromosome 3 lo- 
cus, encodes a chemokine receptor - CX3CR1, which li- 
gand - CX3CL1 (fractalkine) shows a high expression in 
psoriatic plaques [18]. Their interaction causes the traf- 
ficking of CX3CR1+ T lymphocytes to the inflamed skin. 
Another interesting discovery was finding, in an animal 
model, that fractalkine is one of the main chemotactic 
factors for immature mast cells, as an increased inflow 
of mast cells is observed in the skin in patients with 
psoriasis. Thl CXCR3+ CCR5+ lymphocytes chemotaxis, 
reported in psoriasis, is also mediated by the increased 
expression of chemokines such as CXCL10 and CCL5 in 
the psoriatic skin [19]. 

lnterleukin-8, i.e. CXCL8 chemokine (inflammation 
mediator synthesized de novo by mast cells) is the best 
described chemokine/cytokine in the context of psoria- 
sis. It is a chemoattractant for neutrophils, which role in 
psoriasis is still not fully understood. Attempts to imple- 
ment CXCL8 neutralizing therapy (ABX-IL8) were made, 
however were disappointing. Poor clinical efficacy could 
probably be attributed to IL-8/CXCL8 bindingto two other 
receptors: CXCR1 and CXCR2 [9], which in turn bind also 
with other cytokines, especially with CXCL1-3 and CXCL5- 
7, which by interaction with CXCR1 and CXCR2 lead to 
"by-passing" CXCL8 pathway blocked by the drug [9, 10]. 



Recent studies have demonstrated, in both psoria- 
sis and atopic dermatitis, the presence of CCL27/CTACK 
chemokine, produced only by keratinocytes and binding 
to the CCR10 receptor, characteristic of the majority of 
T lymphocytes infiltrating the skin [20-22]. CCL27 chemo- 
kine in responsible for lymphocyte adhesion to the skin 
[23], CCL27 secretion is stimulated by TNF-ct, while corti- 
costeroids and anti-TNF-a drugs increasingly used in the 
treatment of severe psoriasis (the so-called biologicals), 
reduce both the expression and function of CCL27. This 
stands as an indirect confirmation of the CCL27 role in 
the induction of the disease process in psoriasis [24-26]. 

CCR4 plays a role in the recruitment of the memory 
T lymphocyte to the skin together with CCR10, that is 
present on memory cells. CCR4 is accompanied by CCL17, 
a chemokine secreted by the endothelial cells of the skin 
blood vessels [27, 28]. CCR4 and CXCR3 receptors are high- 
ly expressed on the leukocytes which infiltrate the skin 
lesions, while in the dermis a high expression of their li- 
gands is found: CCL17 and CCL22 together with CXCL9 and 
CXCL10. Epidermis in psoriatic lesions does not express 
CCR4, while CXCR3 is expressed. There are molecules (for 
example, T487) that bind to CXCR3 and inhibit the mi- 
gration of lymphocytes into the inflamed tissue (skin in 
psoriasis, joints in rheumatoid arthritis, or gut in the auto- 
inflammatory diseases) [29, 30]. It is also known that the 
antibody used in psoriasis treatment which neutralize p40 
domain of IL-23 domain reduces the levels of CXCL8, CCL2 
and CXCL10 in psoriatic lesions, leading to an effective re- 
duction in disease activity index (PASI) [31]. 
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CCL20 (MIP-3a) is another chemokine that plays an im- 
portant role in the pathogenesis of psoriasis. It is secreted 
by keratinocytes and acts as a chemoattractant for T lym- 
phocytes and dendritic cells. CCL20 interacts with CCR6 
receptor, highly expressed in psoriatic lesions, especially 
on T cells with skin populating antigen - CLA+ [32-34], It 
is suggested that the presence of mast cells in psoriatic le- 
sions is associated with the overexpression of antimicrobial 
peptides hBD2 and cathelicidin LL37 in them [19]. 

Cytokines and chemokines in atopic dermatitis 

Atopic dermatitis (AD), also known as atopic eczema, 
is a chronic, relapsing inflammatory disease of the skin. It 
affects 10-20% of children and 3% of adults. Atopic der- 
matitis is the most common allergic skin disease. Patho- 
genesis of AD is complex and still not fully understood. 
The inflammatory infiltrates contain CD4+ lymphocytes 
expressing skin colonisation antigen (CLA), eosinophils, 
histiocytes, mast cells and Langerhans cells. Two phases 
can be distinguished in the course of AD: acute and 
chronic. Acute phase is characterized by the increase 
in the number of TNF-a secreting Langerhans cells with 
the increased surface expression of FceRI receptor with 
high IgE affinity. These LC are also called inflammatory 
dendritic cells (IDEC). An increased IgE production by B 
lymphocytes and the influx of Th-2 lymphocytes, secret- 
ing IL-4, IL-5 and IL-13 into the skin is also observed in 
the acute phase. Chronic phase is, on the other hand, 



characterized by activation of Th-1 lymphocytes which 
produce mainly IFN-y, TNF-a, IL-8 and IL-12. It has been 
demonstrated that the reduced production of TNF-a and 
IFN-y together with increased IL-4 and IL-13 production 
may result in an increased susceptibility of the skin to 
Staphylococcus aureus infections well documented in AD 
patients [35]. 

lnterleukin-18 plays a separate pleiotropic role in the 
cytokine network in AD pathogenesis, lnterleukin-18 
controls the balance between Thl and Th2 response. 
lnterleukin-18, synergistically with IL-12, promotes Th-1 
response, increasingthe synthesis of IFN-y and inhibiting 
the production of IgE antibodies by B lymphocytes. On 
the other hand, IL-18 increases the synthesis of IL-4 and 
IL-13, promoting the synthesis of IgE. In the presence of 
IL-3 it stimulates the basophils and mast cells to secrete 
cytokines, chemokines and other mediators produced 
and stored in these cells [36]. 

lnterleukin-31 is one of the mediators of pruritus 
in AD [37]. lnterleukin-31 also affects the expression of 
chemokines. lnterleukin-31 addition to cultured kerati- 
nocytes induces an increase in CCL1, CCL17 and CCL22 
expression [38]. In addition to histamine and neuro- 
peptides, mast cells which store tryptase and chymase 
in their cytoplasm and which directly act on C nerve 
fibers also participate in the origin of the itching sen- 
sation [39]. The abovementioned chemokines mediate 
pruritus, which does not respond fully to antihistaminic 
treatment. 



Table 2. Chemokines and their role in atopic dermatitis pathogenesis 



Chemokine 


Secreting cells 


Receptor 


Target cell 


CCL1/I-309 


Keratinocytes, epithelial cells, 
mast cells 


CCR8 


T lymphocytes, LC precursors 


CCL2/MCP-1 


Keratinocytes, leukocytes 


CCR2 


Monocytes, DC precursors 


CCL3/MIP-la 


Leukocytes 


CCR1, CCR5 


Monocytes, T lymphocytes 


CCL4/MIP-1P 


Leukocytes 


CCR5 


Monocytes, T lymphocytes 


CCL5/RANTES 


Keratinocytes, leukocytes 


CCR1, CCR3, CCR5 


Eosinophils, T lymphocytes, fibroblasts 


CCLll/eotaxin 


Keratinocytes, T lymphocytes 


CCR3 


Eosinophils, T lymphocytes 


CCL13/MCP-4 


Keratinocytes, macrophages T 
lymphocytes 


CCR2, CCR3 


Monocytes, DC precursors, eosinophils, T lymphocytes 


CCL17/TARC 


Keratinocytes, endothelial cells 


CCR4 


T lymphocytes 


CCL18/PARC 


Keratinocytes, DC 


Unknown 


T lymphocytes 


CCL20/MIP-3a 


Keratinocytes 


CCR6 


T lymphocytes, monocytes, immature DC, LC 


CCL22/MDC 


Macrophages, DC 


CCR4 


T lymphocytes 


CCL26/eotaxin-3 


Keratinocytes, endothelial cells 


CCR3 


Eosinophils, T lymphocytes 


CCL27/CTACK 


Keratinocytes 


CCR10 


T lymphocytes 


CX 3 CLl/fractalkine 


Endothelial cells 


CX3CR1 


T lymphocytes, NK, monocytes, DC 



LC- Langerhans cells, DC - dendritic cells 
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Many chemokines and their receptors are involved in 
the pathogenesis of AD (Table 2). The complex chemok- 
ine web affects cell trafficking to the skin and formation 
of the inflammatory infiltrate involving T lymphocytes, 
dendritic cells, eosinophils, histiocytes, and mast cells. 
The following chemokines play a crucial role in lympho- 
cyte chemotaxis: CCL17 (TARC), CCL22 (MDC), CCL27 
(CTACK), CCL18 (PARC) and IL-18. CCL20 (MIP-3a), CCL5 
(RANTES), CCL2 (MCP-1) affect the migration of the den- 
dritic cells. CCL11 (eotaxin), CCL13 (MCP-4) and CCL26 (eo- 
taxin 3) act as chemotactic factors for eosinophils [40]. 

Chemokines and their receptors play an important 
role in AD orchestrating the initiation and the exacerba- 
tion of the inflammation in response to allergens. Inter- 
leukin-1 and TNF-a enhance CCL27 production by kera- 
tinocytes. CCL27 affects the process of T CLA + CCR10 + 
and/or CCR4 + lymphocytes recruitment to the skin [40, 
41]. CCL17 - CCR4 ligand, secreted by the vascular endo- 
thelial cells of the skin and other tissues, supports the 
migration of CLA+ T cells towards the skin. These lym- 
phocytes, activated in the skin by allergens or superan- 
tigens, consequently secrete effector cytokines such as 
IL-4, IL-13 and IFN-y. These, in turn, exacerbate the pro- 
duction of CCL11, CCL26 by the target cells (keratinocytes, 
endothelial cells and T cells), affecting the migration of 
eosinophils to the skin. Th2 cytokines inhibit the produc- 
tion of antimicrobial peptides, thereby facilitating coloni- 
zation of the skin by Staphylococcus aureus. The bacteria 
stimulate the production of CCL1 and CCL18 (in dendritic 
cells, keratinocytes, and endothelial cells), which facili- 
tate migration of CLA+ T cells and Langerhans cells to 
the skin. On top of it, IgE-allergen complexes intensify 
CCL1 production in mast cells. CCR2 and CCR6 ligands 
(CCL2 and CCL20, respectively) also enhance the recruit- 
ment of dendritic cells to the atopic skin. These cells ma- 
ture under the influence of pro-inflammatory cytokines, 
and begin to show the expression of CCR7. Due to the 
response to CCL21 ligand, they migrate to local lymph 
nodes, where they present antigenic determinants to T 
lymphocytes. As a consequence, T cells differentiate and 
express tissue-specific receptors and are recirculated to 
the areas of the allergen exposure in the human body 
[40, 41]. This process is gradual (acute phase -> chronic 
phase) and varies depending on the patient age. Notably 
low levels of CCL-17, CXCL-9, CXCL-10, IL-18, and high lev- 
els of CXCL-12, and CCL-27 were found in the in the blood 
of AD patients younger than 10 years of age (lower than 
in the healthy control group). High levels of CCL-17, CCL- 
22, CXCL-12 were demonstrated in the blood of older AD 
patients (> 10 years of age). A correlation of CCL-27 with 
eosinophilia and a correlation of CCL-17, CCL-27 and IL-18 
with a total IgE level was also found in the latter group 
[42]. These differences make it necessary to review the 
approach to AD studies and include amongst other an 
age criterion. 



Cytokines and chemokines in mastocytosis 

The profile of chemokines and their receptors in 
mastocytosis is the least known. Mastocytosis is a het- 
erogeneous group of rare diseases characterized by 
pathological accumulation of mast cells (MC). The dis- 
ease usually involves the skin (cutaneous mastocyto- 
sis - CM), rarely the internal organs are affected, but of 
those the bone marrow, liver, spleen and lymph nodes 
are most often affected (systemic mastocytosis - SM). 
The pathophysiology of the disease is not yet completely 
understood. It is believed the mechanisms responsible 
for the proliferation and maturation of MC play a role 
in its pathogenesis. Activating mutation of the c-kit on- 
cogene, encoding the stem cell factor (SCF) receptor, is 
considered to be the main mastocytosis inducing factor. 
In cutaneous mastocytosis the etiopathomechanism is 
not completely understood, as the factors responsible 
for MC proliferation and overactivity are not yet deter- 
mined. Growth factors, cytokines and chemokines that 
stimulate/inhibit the proliferation of mast cells and their 
migration to the tissues produced by MC themselves and 
by epithelial cells are believed to be of importance [43]. 

Literature lacks publications on chemokines and 
their receptors expression in various clinical forms of 
mastocytosis. Only results obtained from a mast cell 
leukemic cell line HMC-1 are available. HMC-1 cells are 
a source of many chemokines: CCL1, CCL2, CCL3, CC14, 
CCL5 (RANTES) and CXCL8 (IL-8), but, in contrast to 
other chemokines, CCL2 expression was significantly 
inhibited by glucocorticoids [41]. Leukemic mast cells 
express CXCR1 and CXCR2 receptors, both accepting IL-8 
as a ligand. HMC-1 cells migrate in response to GRO-ot, 
NAP-2, IP-10, complement components: C3a, C5a and 
in response to TNF-a. Experimental models showed the 
following to be the most important chemoattractants 
for mast cells: TNF-a, TGF-pi, VEGF, PGDF, SCF, as well 
as RANTES, NGF and complement components (C3a, 
C5a,Clq). According to some authors, chemotactic fac- 
tors for mast cell cytokines may also include: IL-3, IL-4, 
IL-6, IL-15, IL-16 and IL-18, defensins: LL-37, HhBD-2, his- 
tamine and leukotrienes [19, 43-45]. 

Summary 

Chemokines and cytokines are signaling peptides 
secreted by the resident skin cells as well as the cells 
forming the inflammatory infiltrates. They act in a para- 
crine manner -on the neighbor cells or in an autocrine 
way - on the secreting cell itself. Their primary role is to 
regulate the trafficking of white blood cells in order to 
maintain the proper function of the immune system and 
combat pathogens. They are also involved in neoangio- 
genesis, embryogenesis and organogenesis. Excessive 
activation as well as cytokine and chemokine synthesis 
are the hallmark of pathogenesis of many diseases: au- 
toimmune (rheumatoid arthritis, psoriasis), inflammato- 
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ry (atopic dermatitis, allergies, asthma, atherosclerosis), 
and those on the border of neoplasms as mastocytosis. 
That is why chemokines, cytokines and their receptors 
have revealed as new promising therapy targets in many 
chronic dermatoses. 
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